The boride ceramics have been attracting considerable attention as one of the newest advanced ceramics. In particular, titanium diboride (TiB2) has various desirable properties, such as a high melting point (3253 K), high hardness (32 GPa), and moderate electrical conductivity (105S). One of its major disadvantages , however, is poor sinterability. In this study, the effect of sintering aids addition on the pressureless sintering process of TiB2 ceramics was investigated. The addition of both Cr and C or Cr3C2 as the sintering aids accelerated the densification of TiB2 significantly. Simultaneous addition of about 5 to 10 mass% Cr and C or Cr3C2 resulted in high density , high bending strength and high Vickers hardness. According to the X-ray diffraction data of TiB2 composites fired at 1173 to 2173 K showed that Cr and C or Cr3C2 reacted with TiB2 to form CrB and TiC during the sintering process . CrB and TiC were formed at the grain boundaries of TiB2. Also, the solid solution between TiB2 and sintering aids was recognized . The SEM micrograph observation supported that a liquid phase was significantly concerned in the sintering of TiBZ . The fracture surface of TiB2 sintered body showed both transgranular and intergranular fracture mode . It is considered that the addition of both Cr and C or Cr3C2 was effective in promoting the bonding between grains and removing pores to achieve high density in the sintered body. Thus, a sintered body of TiB2 having increased density, high strength and high hardness can be obtained by the addition of Cr and C or Cr3CZ to TiBZ .
1 Introduction Titanium diboride (TiB2) has various desirable properties, such as a high melting point (3253 K), a high hardness (Vickers hardness Hv=32GPa), excellent electrical conductivity at room temperature (107S/m), and good chemical stability etc. It can be used for cutting tools as a throw-away chip, wear-resistant parts as an engineering material parts, electrodes for aluminum electrolysis, cathodes for MHD (magneto hydrodynamic) power generation, and boats and crucibles for vapor deposition, etc.
One of its major disadvantages, however, is its poor sinterability due to the strongly covalent bonding, and many attempts are being made to overcome this problem , including hot-pressing using a sintering aids, the sintering, without a sintering aids, of ultra fine TiB2 powder synthesized by the arc plasma process , and combination with A12O3, Zr02, SiC, TiC or Ti(CN) to form composite materials
We developed previously to produce a highly dense TiB2 sintered body with pressureless sintering and found that TiB2 could be highly densified in the presence of either Cr and C or Cr3C213) as an industrial product of trade name TiBX of the trademark registration. In this paper, we report the development process of the pressureless sintering process of TiB2 ceramics as a commercial process and product.
2 Experimental procedure Fig.1 shows the fabrication process of TiB2 composite. The starting powders consisted of commercial TiB2, Cr and C or TiB2 and Cr3C2 powders. Fig. 2 shows the scanning electron microscope (SEM) photograph result of the TiB2 powder. The particle size distribution of TiB2 powder was determined by an automatic particle analyzer (Microtrack particle size analyzer, Leeds and Nourthrup Inc.). The median size of the TiB2 powder was about 5µm. The powders were blended in the required ratios and wet-mixed in ethanol using a container and balls. After drying, the mixture was compacted with a press to prepare compacts of required size. The mixture was finally compacted into specimens were observed using a SEM, to estimate the microstructure.
3 Results and discussion The monolithic TiB2 which was sintered at 2173 K using TiB2 powder with purity of 99% and particle size of about 5,tmt (Fig.1 ), treated at 2173 K, possessed a relative density of about 78 to 80%. Then, TiB2 containing 0 to 12.5 mass% Cr alone was sintered at 2000 to 2173 K for 1 h, and the effects of metal Cr (melting point; 2163 K) on the relative density were determined. The sintered composite containing a 5 to 10 mass% of Cr possessed a significantly higher density than the monolithic TiB2 sintered body, with a relative density of about 89 to 90%, when sintered at 2173 K for 1h. In addition, the relative density of the sintered body increased with increasing Cr content and sintering temperature. The samples used to test the effects of combinations of Cr and C or Cr3C2 on sintered density were prepared by sintering the mixed powders at 2073 to 2173 K The additional effects of Cr and C or Cr3C2 content, respectively, on the relative density of the sintered body were estimated. The combinations of both Cr and C or Cr3C2 significantly increased the sintered density over that of the sintered bodies containing metal Cr alone, indicating that the sintering of TiB2 was greatly accelerated in the presence of either Cr and C or Cr3C2. A total sintering aid quantity of 5 to 10 mass% Cr and C (Cr:C ratio is 7:1 to 2 by mass ratio) and Cr3C2 gave a relative density as high as approximately 98 to 99%. The bending strength and Vickers hardness at room temperature of the TiB2 composites contained a total of 7.5 mass% of Cr and C (Cr:C=7:1.5 by mass ratio) and Cr3C2 sintered at 2173 K for 1h were 325 to 400MPa and 20 to 23 GPa, respectively. Fig. 3 . Fig. 4 presents the SEM photographs of the fracture Table 1 Mechanical Properties of TiB2 composite added Cr-C or Cr3C2. including areas of remarkably large size. Addition, SEM micrograph observation supported the observation that a liquid phase was definitely present during the sintering of TiB2. It was seen that the X-ray diffraction peaks for the TiB2 (201) plane in the composite of TiB2 sintered body with Cr and C shifted towards higher angles from the positions for the TiB2 starting powder. It is assumed that the unit lattice of the TiB2 crystal in the sample contracted due to the solid solution, so that the diffraction peaks for TiB2 shifted towards higher angles. These phenomena suggest the presence of a liquid phase in the grain boundary of TiB2 4 Conclusions We investigated the development of the pressureless sintering process of TiB2 ceramics as a commercial process and product. The addition of either Cr and C or Cr3C2 as the sintering aid accelerated the densification of TiB2 significantly. Simultaneous addition of 5 to 10 mass% Cr and C or Cr3C2 results excellent in properties of high density, high bending strength, and high Vickers hardness. According to the X-ray diffraction data of TiB2 composites fired at 1173 to 2173 K, Cr and C or Cr3C2 reacted with TiB2 to form CrB and TiC during the sintering process. CrB and TiC were formed at the grain boundaries of TiB2.
